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Brazil builds on its 
semiconductor heritage 
Professor J.R. Leite, Institute of Physics, SEo Paulo University, Brazil 
Research into semiconductor physics in Brazil dates back to 1953, just a few years after the discovery of the 
transistor. Since that time, the research community in this field, including compound semiconductors, has 
continued to develop. Today, the country continues to make a significant contribution to advances in both 
theoretical and experimental aspects of the discipline. 
B 
razil's semiconductor her- 
itage began in 1953 with a 
small group of researchers at
the Technological Institute of 
Aeronautics (ITA) in S~to Jos6 dos 
Campos. These researchers initiat- 
ed the 'Germanium Project', based 
on the extraction and refining of 
germanium from residues collect- 
ed from coal furnaces in Tubar~o, 
with the aim of developing basic 
diodes and transistors for compact 
electronics to be used in aircraft.At 
that time, ITA, through its outstand- 
ing electronic engineering under- 
graduate course and excellent 
physics department, attracted 
many of the researchers who were 
to become the pioneers in estab- 
lishing semiconductor physics in 
the cities of S~o Paulo and 
Campinas in the 1960s and 1970s, 
respectively. 
The second landmark in the his- 
tory of semiconductor physics in 
Brazil was the creation of the 
Laboratories of Low Temperatures 
and Semiconductors in the early 
1960s at the main campus of S~o 
Paulo University in S~to Paulo (USP- 
SP). Significant investments in both 
personnel and equipment saw the 
laboratories become operational in
1962. Electronic transport experi- 
ments carried out at that time in- 
clude the first observation in the 
Southern Hemisphere of the de 
Haas-van Alphen magneto-oscillato- 
ry effects. In the middle of the 
1960s, a group of theoreticians, ac- 
Figure 1. The MBE system at the Physics Institute of S&o Paulo Universi~ being operated by 
Prof. Main A. Quivy. 
tive in the area of electronic struc- 
ture calculations, joined the labora- 
tories. By using the latest 
generation computers, acquired by 
USP, self-consistent band structure 
calculations for both elemental nd 
compound bulk semiconductors 
were carried out.These various ac- 
tivities at USP attracted quite a 
large number of researchers and 
students from other Brazilian and 
foreign Universities to S~to Paulo, 
who would later play an important 
role in the development of other 
semiconductor g oups and labora- 
tories in the country. 
The third major event in Brazil 
took place in 1971-1972, when a 
large research group in semicon- 
ductor physics was created in 
Campinas University (UNICAMP), 
which was followed shortly there- 
after by the foundation of the 
Physics Institute at the same insti- 
tution. Supported by a national 
programme tailored to promote 
the return of scientists working 
abroad, Brazilian physicists, mainly 
from Bell Laboratories, formed in 
Campinas what has become the 
main centre for semiconductor re- 
search in Brazil. Several outstand- 
ing Brazilian and foreign scientists 
joined the group and a budget of 
several millions of dollars was allo- 
cated to set up the laboratories. 
The Campinas group has contin- 
ued to play a very important role 
not only in basic semiconductor 
physics research, but also in the 
progress of microelectronic and 
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Figure 2. A general view of the Brazilian Synchrotron Light Source, a pioneering laboratory in 
the Southern Hemisphere. 
optoelectronic device technolo- 
gies in Brazil. The laser project for 
optical communications devel- 
oped in the Research and 
Development Center of Telebrfis, 
Brazil's state run telecommunica- 
tions company, is a measure of the 
group's importance in this area. 
The tradition 
continues 
While the activities in Campinas, a
city located 60 miles north-west of 
the city of S~o Paulo, in the 1970s 
were akin to a revolution, the 
1980s saw a systematic evolution 
of the semiconductor physics com- 
munity in Brazil. Several groups of 
theoreticians were formed and lab- 
oratories were created in all the ge- 
ographic regions of the country. 
Research activities in the south- 
east region were enhanced with 
the formation of groups and labo- 
ratories in S~o Paulo (USP-SP), S~o 
Carlos (USP-SC), the Federal 
Universities of Minas Gerais 
(UFMG), Rio de Janeiro (UFRJ), 
Fluminense (UFF), Uberlfmdia 
(UFU) and Sao Carlos (UFSCar), the 
National Institute for Space 
Research (INPE) in S~o Jose dos 
Campos and in the Catholic 
University of Rio de Janeiro (PUC- 
RJ). In the north-east region, 
groups arose in the Federal 
Universities of Rio Grande do 
Norte (UFRN), Bahia (UFBA), Cear~ 
(UFCE) and Pernambuco (UFPE). 
In Brasilia, the nation's capital lo- 
cated in the central west region, a 
laboratory was set up in the 
University (UnB) and theoretical 
activities commenced at the 
International Center of Condensed 
Matter Physics. In the south, an Ion 
Implantation Laboratory was built 
in the Federal University of Rio 
Grande do Sul (UFRGS), supported 
by a considerable amount of in- 
vestment. In the north, the 
Foundation University of 
Amazonas (FUA) continues to host 
a small but active group in the 
field. 
By the middle of the 1980s, 
semiconductor epitaxial growth 
technology was already implanted 
in Brazil with the installation of 
molecular beam epitaxy (MBE) sys- 
tems at UFMG and USP-SC and 
metal organic chemical vapour de- 
position (MOCVD) equipment at 
UNICAMP and Telebr'fis laborato- 
ries and characterization facilities. 
In the 1990s, semiconductor re- 
search continues to be the fastest 
growing activity in physics in 
Brazil. This decade has seen the 
birth of groups in the Federal 
Universities of Goihs (UFGO), Mato 
Grosso do Sul (UFMS), Santa Maria 
(UFSM), Paranh (UFPR) and Vigosa 
(UFV); in the State Universities of 
Londrina (FUEL), Rio de Janeiro 
(UERJ) and University Paulista (UN- 
ESP) in Bauru and Rio Claro; in 
USP-SP and USP campus of 
Ribeirao Preto; in the Federal 
Engineering School of Itajubft, in 
the Foundation University of S~o 
Jo~to Del Rei (FUNRED and in the 
private University of S~o Francisco 
(USF) in Itatiba. In most of these in- 
stitutions the groups are com- 
posed of young scientists, ome of 
whom have just finished their 
PhDs. One cannot belittle the fun- 
damental difficulties that these 
new pioneers have to face; howev- 
er, one expects that they will ac- 
cept the challenge with the same 
enthusiasm shown in the early 
days. 
G rowth factors 
Several factors are contributing to 
the continuing rowth of semicon- 
ductor physics activities in Brazil, 
besides the obvious importance of 
the field at an international level. 
One is most certainly the Brazilian 
School on Semiconductor Physics, 
a two-yearly event held for the first 
time in Campinas in 1983. The 
School has become the most im- 
portant meeting for the semicon- 
ductor community in Brazil, 
attracting to the field researchers 
and young students. In recent 
years, tutorial lectures have been 
removed from the programme and 
the School had its name changed 
to the Brazilian Workshop on Semi- 
conductor Physics (BWSP). During 
the first Condensed Matter 
Division Meeting of the Brazilian 
Physical Society (SBF) held in 
1978, 15 semiconductor physicists 
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were present, while 300 Brazilian 
scientists and students delivered 
papers at the 8th BWSP held in 
1997. 
Another important reason for 
the significant progress of semi- 
conductor physics in Brazil is the 
fact that the Brazilian government- 
backed science agencies consider 
it a strategic field for the techno- 
logical development of the coun- 
try. Recent initiatives taken by 
Federal agencies include the 
Human Resource for Strategic 
Areas (RHAE) programme and the 
project for growth, characteriza- 
tion and applications of semicon- 
ductor nanostructures. This latter 
initiative allocated US$10 million 
in 1987 to fund a project aimed at 
enhancing the activities on low 
dimensional semiconductor sys- 
tems in Brazil. This project was im- 
portant in upgrading the MBE 
laboratories and semiconductor 
heterostructure characterization fa- 
cilities of UFMG and USP-SC. The 
project was also important for up- 
grading the laboratories of UNI- 
CAMP and PUC-RJ by installing 
complete chemical beam epitaxy 
(CBE) and MOCVD systems, re- 
spectively. This was fundamental 
for the creation of the New 
Semiconductor Materials Labor- 
atory in USP-SP, which has an MBE 
machine and facilities for magneto- 
transport and magneto-optical 
experiments (Figure 1). 
There are currently 2400 PhDs 
in physics working in Brazil, mostly 
in academia. During the 1970s and 
1980s the growth rate of this pop- 
ulation was 50 researchers per 
year, but it has increased three-fold 
in the 1990s and there are now 
around 150 new PhDs per year. 
The semiconductor physics field 
attracts a significant percentage of 
these and there are now around 
230 active researchers working on 
semiconductor physics in the 
country, more or less evenly dis- 
tributed between theoreticians 
and experimentalists. Additionally, 
there are 200 graduate students 
working on semiconductors out of 
a total of 1600 students undertak- 
ing advanced study in physics. 
Among the 49 institutions in 
Brazil that have organized research 
groups in physics, 25 are in the 
south-east region (S~to Paulo, Rio 
de Janeiro, Minas Gerais), where 
76% of the scientific ommunity is
established. This is the region 
where several of the semiconduc- 
tor laboratories are set up and the 
majority of the semiconductor 
community is working. In total, 
there are about 40 active groups 
working on semiconductor 
physics in the country. 
Brazilian semiconductor physi- 
cists have been present in most of 
the international activities in the 
field. Brazilians have also been ac- 
tive on the organizing committees 
of most International Semi- 
conductor Conferences and, until 
recently, Brazil has had active rep- 
resentatives on the IUPAP 
Semiconductor Commission. 
Research interests 
In terms of research activities, 
Brazil's involvement with semicon- 
ductor physics started more than 
40 years ago with materials fabrica- 
tion. The community remains very 
active in both bulk and films pro- 
cessing. Following the internation- 
al trends, considerable emphasis is 
being placed on the growth, study 
and device applications of nano- 
structures, and low dimensional 
systems. I I I-V derived hetero- 
structures are produced in UFMG 
(MBE), PUC-RJ (MOCVD), USP-SP 
(MBE), USP-SC (MBE), UNICAMP 
(CBE, MOCVD) and Telebr~is 
(MOCVD). Recently, semiconduc- 
tor heterostructures based on IV-IV 
compounds have been grown in 
INPE by MBE. Crystalline bulk ma- 
terials have been produced at UFRJ 
(Si), USP-SP (Si and GaAs), UNI- 
CAMP (IlI-Vs) and amorphous 
semiconductors at UNICAMR UFRJ 
and USP-SP. Diamond polycrystals 
have been fabricated by the CVD 
technique at INPE and USP-SP. 
Formal and informal international 
scientific collaborations regularly 
bring other research samples to 
the country for various investiga- 
tions, including a SiGe/Si het- 
erostructures project at UNICAMP 
and the group-Ill nitrides pro- 
gramme at USP-SP. 
The Brazilian laboratories are 
well equipped to perform basic 
characterization and research in- 
vestigations on the structural, elec- 
trical, optical and magnetic 
properties of semiconductor struc- 
tures. Besides the usual methods 
currently used in semiconductor 
investigations, more sophisticated 
equipment is also available, some 
of which has been installed for 
shared use. The semiconductor 
community in Brazil can access 
state-of-the-art laboratories with 
equipment for X-ray and electron 
microscopy, crystallography, sec- 
ondary ion mass spectrometry 
(SIMS), and other techniques. 
There are laboratories equipped to 
perform magneto-optical and mag- 
neto-transport experiments in low 
temperatures (mK) and high mag- 
netic fields (17 T). A 20 T magnet 
has recently been installed in the 
Low Temperatures and Semi- 
conductors Laboratories of USP-SP 
through a successful multi-users 
equipment programme sponsored 
by FAPESE the agency for funding 
research in the state of S~o Paulo. 
A tremendous advance in the 
development of science and tech- 
nology in Brazil has come from the 
recent inauguration of the National 
Synchrotron Light Laboratory 
(LNLS) in Campinas (Figure 2) un- 
der the support of the National 
Council for Scientific and 
Technological Development of the 
Brazilian Ministry of Science and 
Technology. A national laboratory 
of electron microscopy is under 
construction at the same location 
through the multi-users equipment 
programme from FAPESP.The LNLS 
will certainly play an important 
role in the development of basic 
and applied science in Brazil, par- 
ticuiarly in the field of semicon- 
ductor physics. 
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Following a long tradition, the 
theoretical activities into semicon- 
ductor physics in Brazil continue 
to be intense. Electronic structure 
calculations have been carried out 
by several groups for bulk, alloys, 
surfaces, interfaces, defects, super- 
lattices and amorphous emicon- 
ductors by using state-of-the-art b
initio methods. Low dimensional 
systems are also investigated in 
several groups using the effective 
mass theory. In some laboratories, 
theoreticians and experimentalists 
work together on the interpreta- 
tion of optical and transport prop- 
erties of semiconductor structures. 
State-of-the-art computer and su- 
percomputers can be found in sev- 
eral Brazilian Institutions active in 
this area. 
Outstanding scientific ontribu- 
tions from Brazilian semiconductor 
physicists are continuing to appear 
in the main scientific journals cov- 
ering the field and in the proceed- 
ings of semiconductor conferences 
held around the world. According 
to data from the Institute for 
Scientific Information (ISD data, 
obtained by specifying the address 
as 'Brazil' and the word 'semicon- 
ductor' as the input, there have 
been 91 papers published by 
Brazilians researchers since 1996. 
Taking into accotmt that this crude 
search does not consider, for exam- 
ple, publications by Brazilians who 
are temporarily abroad, it can be 
concluded that the actual number 
is even higher. 
Semiconductor activities in 
Brazil started early.These activities, 
however, are still well below the 
level required to drive the techno- 
logical development of the coun- 
try in several strategic areas. The 
government's priority of other ar- 
eas of technology, such as the oil 
industry and the generation, trans- 
mission and distribution of electric 
power, has hindered investments 
in applied semiconductor physics 
and in high-tech microelect- 
ronics in Brazil.When the opportu- 
nity comes for a further expansion, 
however, the semiconductor com- 
munity in Brazil will be ready to ac- 
cept it. 
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